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(54) Tide: METHOD OF DIRECTING BIOSYNTHESIS OF SPECIFIC POLYKETIDES 



(57) Abstract 

A method to produce novel polyketide structures by designing and introdudng spedfied changes in the DNA governing 
the synthesis of die polyketide is disclosed. The biosynthe^ of spedflc polyketide analogs is accomplished by genetic manipula> 
tion of a polykedde-producing microorganism by isolating a polyketide biosynthetic gene-oontaining DNA sequence, identifying 
enzymatic activities associated within the DNA sequence, introducing one or more spedfied changes into the DNA sequence 
which codes for one of tiie enzymatic activities which results in an altered DNA sequence; introdudng the altered DNA sequence 
into the polyketide-produdng microorganism to replace the original sequence, growing a culture of the altered microorganism un- 
der conditions suitable for the formation of the spedGc polyketide analog, and isolating the specific polyketide analog from the 
culture. The method is most useful when the segment of the diromosome modified is involved in an enzymatic activity associated 
with polyketide biosynthesis, particularly for manipulatmg polyketide synthase genes from Sacdiampofyspora or Streptomyces. 
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METHOD OF DIRECTING BIOSYNTHESIS OF SFECfflC FOLYKETIDES 

Field of the Invention. 
5 The- present invention relates to a method for directing the 

biosynthesis of specific polyketide analogs by genetic manipulation. In 
particuar, polyketide biosyntiietic genes are manipulated to produce 
precise, novel polyketides of predicted structure- 

10 Background of the Invention 

Polyketides are a large dass of natural products that includes many 
important antibiotics and immimosuppressants such as erythromycins, 
tetraqrdines, and rapamydns. Their synthesis proceeds by an radered 
condensation of acyl esters to generate carbon chains of var3dng length and 

15 substitution pattern tiiat are later converted to mature polyketides. This 
process has long been recognized as resembling fatty add biosynthesis, but 
with important differ^ces. Unlike a fatty add synthase, a typical 
polyketide syntiiase is programmed to make many dioices during carbon 
chain assembly: For example, the choice of "starter" and "extender" units, 

2 0 which are often sdected from acetate, propionate or butyrate residues in a 

defined sequence. The choice of using a full cyde of reduction- 
dehydration-reduction after some condensation steps, omitting it 
completely, or using one of two incomplete cydes (reduction alone or 
reduction followed by dehydration), which determines the pattern of keto 
25 or hydroxyl groups and the degree of saturation at different points in the 
chain is additionally programed. Finally die choice of stereochemistry for 
the sul>stituents at many of the carbon atoms is programmed l>y ttie 

polyketide synthase* 

Because of the commerdal significance of Streptomyces, a great 

3 0 amount of effort has been expended in the study of Streptomyces genetics. 

Consequentiy much is known about Streptomyces and several doning 
vectors exist for transformations of the organism. 

Although many polyketides have been identified, there remains 
the need to obtain novel polyketide structures witii enhanced properties. 
3 5 Current methods of obtaining such molecules indude screening of 

natural isolates and chemical modification of existing polyketides, both of 
which are costiy and time consuming. Current screening methods are 
based on gross properties of the molecule, i.e. antibacterial, antifungal 
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Activity r etc, and both a priori knowledge of the structure of the moiecuies 
obtained or predetetmination of enhanced properties are virtually 
impossible. Chemical modification of preexisting structures has been 
successfuUy employed, but it still suffiers from practical limitations to the 
type of compounds obtainabler largely connected to the poor yield of 
multistep syntheses and available chemistry to effect modifications. The 
following modifications are odremdy difficult or inefficient at the present 
time: change of the stereochemistry of the side chains in the completed 
pdlykedde; change of tiie lengtii of the polyketide by removal or addllfon 
of carbon units from tiie interior of the acyl chain; and dehydroxylatiori at 
unique positions in the acyl chain. Accordingly, there exists fte need to 
obtain molecules M^erein such changes can be specified and performed 

and would represent an improvement in tiie technology to produce 
altered pol^setide molecules with predicted structure. 



gummary nf fhg hlVgltion 

The present invention provides a mefliod to produce novel 
structures from designing and introducing specified changes in the DNA 
governing the synfliesis of the polyketide. According to the method of the 
2 0 present invention, the btosynthesis of specific polj^dc analogs is 
accomplished by genetic manipulation of a polyketidft-produdng 
microorganism comprising ttie steps ot 

(1) isolating a polyketide biosynthetic gene-containing DNA 

25 sequence; 

(2) identifying enzymatic activities associated wiflun said DNA 



(3) introducing one or more specified changes mto saut DNA 
sequence which codes for one of said enzymatic activities which results 

30 an altered DNA sequence 

(4) introducing said altered DNA sequence into fiie polyketide- 
produdng microorganism to replace the original sequence; 

(5) growing a culture of die altered microorganism under 
conditions suitable for die formation of flie specific polyketide anafog; a 

35 (6) isolating said spedfic polyketide analog from tiie culture 

The presoit method is most useful when the s^meot of flie 
chromosome modified is involved in an enzymatic activity associated 
with polyketide biosyirthesis. The present invention is especially usefu 
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in manipulating polykedde biosyntiietic genes from Streptomyces, an 
organism which provides over one-half of the clinically useful antibiotics. 

Brief Descriptiop of the Drawings 
5 FIG. 1 illustrates the organization of gene encoding polyketide 

synthase and designated eryA as follows: (a) Map coordinates of the DNA; 
(b) DOTPLOT of the output of COMPARE (window = 50, stringency = 32) 
program (Sequence Analyas Software Package of die Genetics Computer 
Group, University of Wisconsin, Biotechnology Center, 1710 University 

1 0 Avenue, Madison, Wisconsin 53705 of eryA segment (x-axis) vs. 

subsegment of eryA comprises between 23 - 27.5 sequence coordinates (y- 
axis) [see Fig. 2]; (c) Open reading frame cnrganization oi eryA and 
enzymatic activities encoded- FT = propionyltransferase; AC? = acyl 
cairier protein; KS=P-ketoacyl ACP synthase; RmT = (2R) methylmalonyl 

15 CoA transferase KR =p-ketoredu :-;ase; SmT = (28) methylmalonyl CoA 
transferase; DH = dehydratase; ER - enoylreductase; TB = fluoesterase; and 
(d) Schematic diagram showing the extent of each of tive sbc modules in 
eryA. 

HG. 2. illustrates the nucleotide sequence of eryA with 
20 corresponding translation of tiie three open reading frames. Standard one 
letter codes for the amino adds appear beneath their respective nudeic 
add codons. The standard one letter codes for the amino add sequences 
£ire as follows: 



25 


A 


-alaiune 




R 


-arginine 




N 


-asparagine 




D 


-aspartic add 




C 


-cysteine 


30 


Q 


-glutamine 




E 


-glutamic add 




G 


-glycine 




H 


-histidine 




I 


-isoleudne 


35 


L 


-leucine 




K 


-lysine 




M 


-methionine (start) 




F 


-phenylalanine 
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p 


-proline 


s 


-serine 


T 


-threonine 


W 


-tryptophan 


Y 


-Qrxosine 


V 


-valine 



HG. 3. is a schematic representation of Type Type n and Type lU 

changes m eryA and structures of corresponding novel polyketides 
10 produced. A69 CType D and A33 (Type ID represent in-ftame ddetions of 
the base pairs in the DNA segments corresponding to tiie KR of module 
and the p-ketoaqd ACT synthase of module 2, respectively, fiasertionoi 
complete copy of module 4 within module 1 is also shown. Production 
ll-epifluoro-15-norerythromydn in strain that carries A33 occurs when 
1 5 substrate analog (2S3S4S^S)2,4Kiimethyl-3-fluoro-5-hydroxyhe)can(MC 

add-ethyl fiiioester is fed. 

HG. 4 illustrates the restriction site coordinates of cosmid pRl 5* 1 

&e sequence of eryA CBg 2). 



20 



rto ^ilpd Des rripHon of rtiP Tnvgntion 

n r^f hha nroconf invention as disclosed 



herdn, the following terms are defined. 

The term "polyketide" as used refers to a large and diverse < 

2 5 natural products, indudtog antibiotics, pigments, and 

inununosuppressants. Antibiotics inchide, but are not limited to 
anflirac^dines, tetracyclines, polycfhers, ansamydns, macroUdes c 
difisent types (polyaies and avermectins as well as classical maa 



such as erydiromydns). 

3 0 The term "polyketide-produdng microorganism" as xised herein 

includes any AcHnomycetales wAich can produced a polyketide. Examples 
of Actinomycetes that produce polyketides include but are not limited to 
Micromonospora rosaria, Micromonospora megalamicea, 
Sackarapolyspora eryihraea, Streptomyces antibioHcuSr Streptomyces 

35 albireticuli, Streptomyces ambofasdens, Streptomyces avermitiUs, 
Streptomyces fradiae, Streptomyces hygnscopicus, Streptomyces 
tsukubaensis, Streptomyces griseus, Streptomyces mycarofascietis, 
ct*zmfn«.i//«*c nlataisis. Streotomvces venezitdae, Streptomyces 
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violaceoniger, and various Actinomadura, Dactylosporangium and 
Nocardia strains that produce polyether type of polyketides. 

The term "polyketide synthase" as used herein refers to the 
complex of enzymatic activities responsible for the biosynfliesis of 
5 polyketides which include but are not limited to P-ketoreductase, 

dehydratase, acyl carrier protdn, enoylreductase, p-ketoacyl ACP synthase^ 

and acyltransferase. 

The term "extender" as used herein refers to a coen^grme A 
thioester of a dicarboxylate which is incorporated into a polyketide by a 
1 0 polyketide synthase 

The term "starter" as used herein refers to a coeazyme A thioester 
of a carbo)grlic add which is used by the polyketide synthase as the first 
building block of the polyketide. 

The term "eryA" as used herein refers to the genes involved in the 
1 5 formation of the polyketide moiety of erythromycin. 

The term "condensation" as used herdn refers to flie addition of an 
extender unit out to the nascent polyketide chain and requires the action 
of p-ketoacyl ACP synthase, acyltransferase, and acyl carrier protein. 

The term "|i-carbonyl processing" as used herein refers to changes 
20 effecting the carbonyl group of the growing polyketide via p-ketoreductase, 

dehydratase, and enoylreductase. 

The term "module" as used herein refers to the genetic element 

encoding one condensation step, as defined above, and one ^-carbonyl 

processing step, as defined hereiiu 
25 The term 'Type I change" as used herein refers to changes in DNA 

sequence which will result in the production of polyketide rings of length 

identical to that of 6-deoxyerythronolide A, but with altered functional 

groups at specific ring positions. 

The term "Type II change" as used herein refers to alterations 
3 0 which will result in the production of macrolide rings only when fed 

exogenously with sulistrate aiialogs, e.g.thioesters of appropriate acyl 

compounds of various length. Thus Type n mutants are erythromycin 

non-producing (Ery) mutants. The structure of the resulting macrolides 

will depend on the substrate employed. 
3 5 The term 'Typ^ TEL change" as used herein refers to alterations 

which will result in the biosynfliesis of macrolide rings of lengfli reduced 

(deletion) or increased (insertion) by two carbon imits, or macrolide rings 

altered in specific portions of the chain (replacement). 
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In its broadest sensev the present inventicm entails a general 
procedure for produdhg novel polyketlde structures in vivo by 
sdectively altering the genetic information of the organism that naturally 
produces a related pdykelide. A set of examples described herein are a 
5 series of novel polyketides that nuOce use of the genetic information for 
the Wosynthesis of the polyketlde portion of the macrolide antibiotic 
erythromycin. The organization of tiie segment of the SaccharapolyBpora 
erythrm chromosome, designated oyA, and ihe corresponding 
polypeptides which it encodes fliat determine the Wosyntiiesis of the 

X 0 pdyketfde segment of erytiutanydn/ are shown in HG. 1. It is seen that 
ay A is organized In modules, as shown, and that eadi module takes care 
of one condensation step, titrough ttie action of flie p-*etoacyl ACP 
syntiiase spedfled within, wherein an extender unit, mettiyJmalonyl CoA^ 
is added first to tiie starter vadt, propfonyl CoA, and then to the 

15 successively growing acyl chain. The precise succession of elongation 
steps is dictated by the genetic order of tiiesbc modules: modulel 
determines the first condensation; module 2, ttie second; module 3, the 
third, and so on until fl« sixtii condensation stq> has occurred. 
Furthermore, the processing of tiie growing duOn after each condensation 

20 is also determined by tiw Information witiiin each module. Thus ^ 

ketoteduction of the p-carbonyl takes place after each step except for step 3, 
as determined by tiie presence of a functional p-ketoreductase in all 

modules except module 3, whereas dehydration and enoyireducflon only 
take place after the fburfli extender unit is added to flie growing acyl diain, 

25 as determined by the presence of dehydratase and enoykeductase hi 

module 4 Furflietmore, ti» durfce of flie correct enantiomer <2R or 2S) of 

mettiyimatonyl-CoA as tiie extender unit employed at each condensation 
is specified by tiie acyltransferase function determined by eadi module 

(FICIC). 

30 In the present invention, novel polyketide molecules of desired 

structure are produced tiie introduction of specific genetic alterations of 
tiie etyA sequence into flie Sac. erytkraea chromosome. The complete 
nudeotide sequence of the en/A segment of ti»e Sac. erytitraea. 
doomosome and tite sequence of tiie corresponding polypeptides are 

35 shown in HG. 2. Ihree types of alterations to tiie «yA DNA sequence are 
described: G) tiuwe inactivating a single function in a module which does 
not anest acyl diain growtii 0-ketoredudase, dehydratase, or 

fhnoA inartivarinir a sinffle function in a modulC 
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which does arrest chain growth (^-ketoacyl ACP synthase, acyltransferase 
or acyl carrier protein); and (iii) those affecting an entire module (deletion/ 
insertion, or replacement). The novel polyketides produced by strains 
carrying these types of mutations can be classified accordingly. Type I 
5 chaises will result in the production of polyketide rings of length 

identical to that of 6-deoxyerythronolide A, but with altered functional 
groups at specific ring positions. Strains carrying type II alterations will 
result in tiie production of macrolide rings only when fed exogenously 
witti substrate analogs, e.g.thioesters of appropriate acyl compounds of 

10 various length. Thus Type H mutants are erythromycin non-produdng 
(Ery-) mutants. The structure of the resulting macrolides will depend on 
the substrate employed. Type m changes will result in the biosynthesis of 
macroUde rings of length reduced (deletion) or increased (insertion) by 
two carbon units, or macrolide rings altered in specific portions of the 

15 chain (replacement). A schematic representation of some examples of 
Type I, Type n and Type in alterations in eryA and the corresponding 
novel polyketides produced in hosts that carry such alterations is shown 
inHG.3. 

In die examples described herein, specific mutations in the ery A 

20 region of flie Sac. aythraea duomosome are introduced by a simple two- 
step approach: 1) introduction of a specified change in a doned DNA 
segment; 2) exchange of the wild type allele with the mutated one. Step 1 
requires standard recombinant DNA manipulations employing E. coli as 
tiie host. Step 2 requires one or more plasmids out of the several £. coli- 

25 Sac. erythmea shuttle vectors available and a simple screening procedure 
for the presence of the colony carrying the altered gena Two mefliods are 
used to introduce die altered allde into the chromosome to replace the 
wild type allde The first employs gene replacement, described in 
Examples 7, 11, 15, 19 and 24, wherein the gene to be altered, along with 

3 0 adjaceiit upstream and doivn&lxeam DNA, is mutated and doned into a 
Sac. aythraea non-replicating vector. The plasmid carrying the altered 
allde is then introduced into the host strain by transformation of 
protoplasts employing selection for a plasmid marker. Since the plasmid 
does not repUcate, regenerated cells that carry the marker have undergone 

3 5 a single homologous recombination between one of the two segments 
flanking the mutation on the plasmid and its homologous counterpart in 
the chromosome. Some of the colonies that have subsequently lost the 
marker will have undergone a second recombination between the other 
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plasmid borne adjacent DNA segment and its honiologous cnronuisoixu*. 
counterpart resulting in the retention of the mufatiori in the 
chromosome, replacing the normal aUele with ttie mutant one. The 

second method to introduce an altered allele into the chromosome 
5 employs gene conversion, described in Examples 37 and 43. In this 

me&o4 an Err Sac. erythraea strain carrying a deletion of a specified 
region of tiie cryA segment of the chromosome is used as a host Ihtoa 
Sac eryfhraea multicopy plasmid that carries a selectable marker is doned 
the wild type counterpart (segment 1) of die eryA segment mutant m the 

1 0 host Subsequendy, the desired homologous or heterologous DNA 
segment to be introduced (segment 2) is doned within the portion of 

segment 1 whidi is deleted in the mutant strain. The resulting plasmid is 
then introduced into the host employing selection for the marker. 
Among the transfbrmants will be a population tiiat have integrated 
15 segments land 2 from Ae plasmid by the process of gene conversion 

vMdi can be verified by examination of tiie DNA among the colonies that 
have recovered the ability to produce erythromycin. 

Two examples eadi of Types I, H and IE alterations to the eryA DNA 

sequence and the resultant novel polyketides produced are described m 
20 the examines described herein. Examples 1 through 8, 9 through 12 and 13 

through 16 describe the construction and ettect of three Type I mutants. 
Examples 17 through 22 and 23 through 27 describe tiie construction of 
two Type n mutants and file effects of feeding two different synthetic 

substrates to file mutant strains. Examples 28 through 3a and 39 through 

Type ni changes and their respective 

etKus »LL w polyketides produced. Jn. Examples 1 

7 a p^d tiiat contains a substantial deletion of flie segment of 
the gene corresponding to file b-ketoreductase of module 5 is created, the 

altered gene is inserted into the Sac. erytitraea chromosome to replace Ae 
30 wild type allele and the new strain carrying the altered gene is identified 

andisolated. in Example 8, ti»e new strain is fermented and the novel 
polyketide 5K)xo-5>dideoxy-3a-mycarosyl erythronoUde B feat results 
from the introduction of the mutant allele is isolated. In Examples 9 
through 11, a mutation is introduced into die ^ketoreductase of module 

used to replace die wild type allele in die 



Mill 



carrying 



fermented and die novel compound 11-oxo-ll-deoxyerydurpmydn A is 
isolated. Similarly, in Examples 13 dirough 16 a mutation is introduced 
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into tiie dehydratase of module 4 and the mutated allele is then used to 
replace the wild type allele in die chromosome. The strain carrying Has 
altered allele is then fermented and tiie novel products 7- 
hydroxyerythromydn A and 6-deoxy-7-hydroxyerythromycin A are 
5 isolated. In Examples 17 through 21, a mutation is made in the DNA 

corresponding to the p-ketoacyl-ACP synthase of module 1 and introduced 
into tiie chromosome to replace the wild type allele. This mutation has 
tiie efect of arresting the synthesis of the polyketide chain and results in 
the Ery phenotype. The synthetic substrate (2S,3R,4S,5S)3>dihydroxy-2,4r 

1 0 dimettiylhexanoic add-ethyl ester is tiien made and fed to the mutant 
resulting in the production of the novel compoimd (14S,15S)14(1- 
hydroxyeaiyDerythromydn. Similarly, in Examples 22 through 24, a 
mutation is created in die p-ketoacyl-ACP synthase of module 2 and 
introduced into the diromosome to replace the wild type allde. In 

1 5 Example 25 and 26, the synthetic substrate (2S,3S,4S,5S)2,4rdhnethyl-3- 
fluoro-5-hydroxyhexanoic add-etiiyl tiuoester is made and fed to the 
module 2 p-ketoacyl-ACP synthase mutant and the resulting novel 
compound ll-epifluoro-15-norer)rtiux>mycin is isolated. In Examples 27 
through 38, a copy of the DNA sequence corresponding to module 4 is 

2 0 introduced into die deleted segment of the p-ketoacyl-ACT synthase of 
module 1 resulting in the production of the novel compoimd 14<1- 
propyDerythromydn- In Examples 40 through 44, a copy of the DNA 
sequence GDiresp>onding to module 5 is introduced into die ddeted 
segment of the ^-ketoacyl ACP syndiase of module 1 resulting in the 

2 5 production of the novel compound 14[l(l-hydroxypropyl)]erydiromydn. 



GENERAL METHODS 

30 Materials. Pla<anids and Bacterial Strains 

Restriction endonudeases, T4 DNA ligase, nick-translation kit, 
competent E. crfi DH5a cells , X-gal, IPTG, and plasmids pUC19 and pUC12 
are purchased from Bethesda Researdi Laboratories (BRL), Gaidiersburg, 
MD. [a-32p]dCTP and Hybond N are from Amersham Corp., Chicago, IL. 

3 5 S^kem LE agarose and Seaplaque low gdling tonperature agarose are 
from FMC Bioproducts, Rockland, ME. E. ^lK12 strains carrying the E. 
coli-Sac. shutde plasmids pWHM3 or pWHM4 (Vara et al..T. Bacteriol.. 
171: 5872 (1989)) or the cosmids pSl (Tuan et al.,G«ve, 90: 21 (1990)) and 
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Sac. erytkraea sfiain NRRL2338 have been deposited in the culture 
collection of the Agricultural Research Laboratories, Peoria, IL and are 
available under the accession numbers NRRL XXXX, respectively, 
gfaph ylnmoiis aureus ThR (thiostrepton resistant) is obtained by plating 
108 cells of S. aureus on agar medium containing 10 mg/ml thiostr^ton 
and picking a survivor after 48 hr growth at 370c 'niiostreptoxi is 
obtained from Squibb-Bristol Myers, New Brunswick, NJ. All other 
chemical and reagents are from standard conunerdal sources unless 
specified otherwise. 

DNA Manipulations 

Standard conditions (Maniatis al., Molenilar Cloning, A 



Sprir^ Harbor Laboratory, Cold Spring 



N.Y., 1982) are en^loyed for restriction endonudease digestion, agarose 
1 5 gel-^ectrophoresis, nick translation of DNA to make 32p-labeled probes, 
DNA ligation, and transformation of E, ^ employing selection for 
ampidlliri resistance (ApR) on LB agar plates. Plasmid DNA is isolated 
from minipreps of E. ^ transformants by the boiling method (Maniatis 
gt aL, 1982, supra) . DNA fragments are recovered from low melting 
20 agarose gels uangtiie method of LangridgeetaL, 1980. TotalDNAfrom 
Sac erytfaraea strains is prepared according to described procedures 
(Hbpwood ^ :»i , riAn^r Mani pulation of Streptom yces , A Laboratory 
Manual. John hmes Foundation, Norwich, UJC, 1985). DNA is 
transferred from agarose gels onto Hybond N foUowmg the 
manufiicturer's instructions. Hybridizations are performed in sealed bags 
contahung 10-20 ml of [IxNET (20xNET = 3 M NaQ, 03 M TrisHa 20 mlSj 
NTaoEDTA dH 8.0), SXDenhardf s solution (Maniatis et aL, 1982, gu^/ 0-2 



latured calf diymus DNA, 0.2% SDS, and 0.5-2X1U' < 
.^v^i 1 A.9n hr iif (S or Fihexs are washed 



30 in lxNET/0.1% SDS for 20 min each at room temperature and once in 
0.053cNEr/0.1% SDS for 20 min at 70 filters are reused as described 
(Donadio et aL, 1990). 



Am pltfipation of D MA frafrments 

3 5 Synthetic deoxyoligonudeotides are synthesized on an ABI Model 

380 A synthesizer (AppUed Biosystems, Foster City, CA) following the 
manufacturer's recommendations. Amplification of DNA fragments is 
performed by the polymerase chain reaction (PGR) employing a Coy 
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" thenncxyder. Reactions contain 100 pmol c ^ch primer^ 1 iig of template 

DNA (cosmid pSl carrying the eryA segmen: .rom Sag. erythraea strain 

NRKL 2338), and 2-5 units of Thermus aquaticus DNA polymerase in a 100 

ml volume of PCR buffer [50 mM KCl, 10 mM TrisHQ (pH 8.0) 2 mM 
5 Mga2/ 0*01% gdatin) containing 200 mM of the 4 dNTPs. The above 

reagents are from Perkin Elmer Cetus, Norwalk, CT. The reaction mbcture 
is overlaid witti a drop of paraffin oil and subjected to 30-50 cycles- Each 
cyde conasts of one 94 <K:, one 55 ^ and one 72 period, each of the 
duration of 3 miiu The progress of the amplification is monitored by 
10 agarose gel-electrophoresis. The PCR primers described in the examples 
below are derived from the nucleotide sequence of eryA of HG. Z 



Gene replacement and gene conv ersion 

Protoplasts of Sac. erythraea strains are prepared and transformed 

1 5 with miniprep DNA isolated from £. ^i according to published 

procedures (Yamamoto et aL, 1986). Integrative transformants, in the case 
of pWHM3 derivatives, are selected after one roimd of non-sdective 
growth of the primary Th^ transfbrmants as described by Weber et al^ 
Gene, 68: 173 (1988)- Loss of the Th^ phenotype is monitored by plating 

2 0 serial dilutions of a Th^ integrant on non-selective medium, followed by 

replica-plating on thiostrepton-containing medium. ThS (thiostrepton- 
sensitive colonies arise at a frequency of 10"^ (Donadio et al., 1990). The 
retention of the mutant allele is established by Southern hybridization of a 
few ThS colonies. 

25 -A few htmdred Th^ colonies obtained by transformation of an eryA 

strain with pWHM4 derivatives are screened for antibiotic production by 
the agar-plug assay employing Staphylococcus aureus as Th^ organism as 
described (Tuan et aL .Gene. 90: 21 (1990)). The frequency of gene 
conversion between a 5 kb segment of homologous sequence and a strain 

30 carrying a smaH ddetion is >25% (Tuan et al.,Gene, 90: 21 (199^^ Colonies 
found to produce antibiotic activity are inoculated in SGGP (Yamamoto et 
al., 1986), protoplasts are prepared, and the regenerated protoplasts are 
scored for loss of the plasmid by replica-plating on non-selective medium. 
Th^ colonies are then rechecked for antibiotic production, and six 

3 5 producers are analyzed on Southern blots. 
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Fermentation 

Safe grytfaraea cells are inoculated into 100 ml SCM medium (13% 
soluble starch, 2.0% Soytone [Difco], 0.15% Yeast Extract pifoo], 0.01% 
Caa2)andaUowedtogrowat320Cfar3to6days. The entire culture is 

5 then inoculated into 10 Uters of fresh SCM medium. The fermenter is 
operated for a period of 7 days at 320C maintaining constant aeration and 
pH at 7.0. After fennentation is complete, the cells are removed by 
centiifugation at 40C and the fennentation beer is kept in the cold until 
further use. 

10 The present invention will now be iUustrated, but is not intended 

to be limited, by the following examples: 



15 



20 



Rvam ple 1 
r ^^crfnirri^ n nf plasmid pABX9 



segment comprised be 
IS isolated from oosmid 



§att-digested pUCI9 DNA. The resulting mixture contained the desired 
plasmid pABX9. 

P yamplp 2 

rnnstmction nf R ooU K1 2 DPCa/pABX9 



Approximately 10 ng of plasmid pABX9, prepared as described 
25 Example 1, were transformed into E,^K12DH5a and a few of the 

tesultii^ white ApR cofonies fliat appeared on the LB-agar plates 
containing X-gal and ampidllin were analyzed for tiidr plasmid a 
One colony was found to carry pAHX9, as verified by the observation of 
fragments of 3.93, 339, 2.01, 1.56, 0.87, and 0.48 kb in size upon agarose gpl 
3 0 electrophoresis after Smal diction of tiie plasmid. 

Pvamplp 3 
ConstrurHnn of pla smid pABX9DN 

3 5 Plasmid pABX9, isolated from E. ^K12 DH5a/pABX9, was 

digested with Ncol and thai treated with T4 DNA Ugase. The resulting 
mbcture contained the desired plasmid pABX9DN. 
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Fvam ple 4 

Construction of E. coli K12 DH5a/pABX9PN 

Approximately 10 ng of plasmid pABX9DN, prq^ared as described 
5 in Example 3, were transformed into E. coU K12 DH5a and a few of the 
resulting white Ap^ colonies that appeared on the LB-agar plates 
containing X-gal and ampidllin were analyzed for their plasmid content 
Colonies carrying pABX9DN exhibited a single Ncol fragn:ient of 11.5 icb 
visible by agarose gel electrophoresis, confirming that die 813 bp Ncol - 
1 0 Ncol fragment from pABX9 has been deleted in pABX9DN. 

P.vam plp S 
ConstrucHon of plasmid pABX95DN 

1 5 Plasmid p ABX95DN was digested witii E^RI and Ifindni and 

ligated to pWHM3 digested with the same two enzymes. The resulting 
mixture contained the desired plasmid pABX95DN. 

Example 6 

20 Construction of R coU K12 DH5a/pABX95DN 

Approximately 10 ng of plasmid pABX95DN, prepared as described 
in Example 5, were transformed into E. coli K12 DH5a and a few of the 
resulting white Ap^ colonies that appeared on the LB-agar plates 
2 5 containing X-gal and ampidllin were analyzed for their plasmid content. 
Colonies carrying pABX95DN exhilrited fragments of 8^ and 7J2 kb visible 
in agarose gels after EcoRI and HindlU digestion. 



KyamplA 7 

3 0 Construction of Sac, erythraea AKR5 carrying the eryAKRS allele by gene 

replacement 

Approximately 1 mg of plasmid p ABX95DN, isolated from E. coli 
K12 DH5a/pABX95DN, was transformed into Sac. erythraea NRRL 2338 
3 5 and stable Th^ colonies were isolated. Serial dilutions of one of these 

colonies were screened for die loss of the aatibiotic resistance marker and 
total DNA from 5 Th^ colonies as well as from un transformed Sac. • 
erythraea NRRL 2338 was digested with SstI and analyzed by Southern 
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14 



f the 0^ Id> Sail fragment between sequence 
.06 (from p ABX9) as probe. Whereas NRKL 2338 
showed one &ff band of 3.7 kb that hybridized to the probe, samples from 
four of the ThS strains exhibited a ^-hybridizing band of 6.1 kb 
5 indicating fte presence of the mutant aUde. One of these cotonies was 
kept and designated strain AKR5. It carries a deletkm of 813 bp in Ae KR5 
segment of eryA and is designated the eryAKRS allele. 

10 Isolation, purification a p H pmperties of 5-oxo-5^id?oxY-3-a-m^ 

•nn nlide B from fiac en rfhTaea AKR5 



-Hfer fermentation of Sflc eryihrea AKK5 carrying tiie eryAKRS 
Jiolafitte fermentor using SNC Media- The fermentor was 
witii 100 ml of a 3 day old seed- The pQz was initially 80 ppm 
and the temperature was maintained at 32'»C Ihe pH was ccmtiolled to 
7.0 ± 0.2 by additiott of propionic add or potasaum hydroxide as needed- 
At harvest (3 days), die whole broth was exttacted toe times with 4rliter 
portions of efliylacetate. The combined extracts were concenttated under 
20 reduced pressure and the readue was chromatogr^hed on a column (50 X 

5 cm) of silica gd packed and loaded in toluene and eluted with a stepwise 
gradient of increasing concentration of isopropanol in toluene. Rracli0ns 
were analyzed by TLC and spots were detected by spraying with 
anisaldehyde sulfuric add spray reagent and heating. A major component 

2 5 giving bhie colored spots eluted with approximately 7% isopropanoL 

nradians containing this material were combined and concentrated to a 
residue (800 mg). This was further chromatographed on a column (100 x 
3 cm) of Sephadex LH-20 in chloroform-heptane-eAanol. 10:10:1, v/v/v. 
Fractions were analyzed as above, early fractions (?-13) yidded 5,6-dideoxy- 

3 0 3-a-mycarosyl-5-oxoeryam>nolide B (45 mg) vdiidi was crystallized from. 

heptane/efli^acetate mixture to mp 163-164 "C. 
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CMR spectrum in CDCI3 (ppm downfield from TMS) 



8.6 


V7 Q 


70.0 


9.9 




76.2 


9.9 


40.4 




10.4 


40.7 


80.4 


145 


43.3 


100.4 


15.2 


45.8 


175.8 


17.1 


46.8 


210.8 


17.7 


48.9 


217.7 


253 


66.5 




25.5 


69.4 





Structure was determined by single oystal X-ray diffraction. 
5 Uter fractions (15-17) yielded 5^deoxy-5-oxoerythronolide B 

(10 mg) and still later fractions yidded 5><iideoxy-6^a-epoxy-5- 
oxoerydironolide B (2.8 mg). 

1 0 KviaTnple 9 

Construction of plasm id pALervAKR2 

The 13 Icb DNA segment comprised between coonfinales 8.63-9.93 
(fragment 1) is amplified by PGR employing two oUgodeoxynudeotides, la 
1 5 (5'-GGGAGCATCCTCTCGGrGCGCGGCGGCCGC-3 ) and lb (5 - 

GCCCrGCAGCGCGTA<rrCCGAGGTGGCGGT-3'). Smilarly, the 13 kb 
DNA segment between coordinates 9.99-11.26 (fragment 2) is PCR- 
ampMed employing primers 2a (5*- 

TX3GTCTGCAGGC(3AGGCCGGACACCGAGG-3') and 2b (5'- 
20 GGAAGAAGTCAAA(JITCCICGGTCCCrTCT-3'). After digestion witii 
SphI + M (fragment 1) and M + EcoRI (fragment 2), the two fragments 
are Ugated to EcoR I + Sphl-digested pWHM3. The resultant mixture 
contains die desired plasmid pALeryAKRZ 
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15 



20 



25 



30 



35 



Evample 10 
rnnsfructioa of ^ K12 DHSa. 



rAKR2 



Approximately 10 ng o£ plasmid pALeryAKR2, prepared as 
described in Example 9, are transformed into E.figUKlZDHSotandafew 
of the resulting white ApR colonies that appear on ttie LB-agar plates 
containing X-&d and ampidllin are analyzed for their plasmid content 
The identity of plasmid pALeryA2KR2, 9^ kb in size, and carrying a 2.6 1 

E^RI-S^ insert wifli an internal £sli site, is verified by ^ digestion 

(fragments at 2.91, 2.21, 1^1, L42, IJOS, 0.29, 0.12 and 0.10 kb are releasee^ 
visible by agarose gel electrophoresis). pALeryAKR2 contains an in-ficai 
deletion of 102 base pairs of the corresponding segment of the wild type 

eryA chromosomal DNA. The cloned segment in pALeryAKR2 is 
designated the eryAKR2 allde 



tTisfrrui 



of Sac 



Kvample 11 

AKR2 
replacement 



fhP pnrAKR2 alh 



Approximately 1 mg of plasmid pALeryAKR2, isolated from E 
K12 DH5a/pALeryAKR2, is transformed into Sac aythraea protoplasts 
and stable HiR ootonies are isolated. Serial dUutions of one of tiiese 
cotonies are screened for loss of the antibiotic resistance marker, and sbc 

ThS cotonies are analyzed fat fteir genotype by Soufliem hybridization. 
Total DNA from tiie sfacThS ookmies and fix>m imtransformed Sac. 
CTjrfliraea NiKI2338 is digested with £gft and with San 
examined by Southern hybridization using die 2.6 Id) B«RI-^ insert 

from pALeryAKR2 as probe Whereas NRRI2338 contains a 39 kb M 
hybridizing band, colonies in which the mutation in KR2 has been 

introduced (stram AKR^ exhibit two bands of approximately equal 
intensity, one at 27 kb and the other at 12 kb. The Satf digest, wifli bands a 

1.04, 0.75, 0.29, 0.12 and 0.10 kb common to NERL2338 and AKR2, but wii3 
tite 1.16 ld> band m NRRL2338 r^laoed by the 1.06 kb band in AKR?, 

confirms that the only change introduced into strain AKR2 is the delelfo] 
of the 102 bp segment from KR2, resulting in a strain carrying the 
eryAKRZ allele. 
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Pvample 12 
Tcr.l;.rinn and piiiifiraHon of n-deOXy-ll-OXi 



Hie fermentation beer of strain AKR2, cooled to 4-C is adjusted to 
5 pH 8.0 and is extracted sequentially with three equal volumes of 

methylene chloride. The combined methylene extracfe are concentrated to 
an day residue and partitioned between heptane and methanol. Hie 
methanol Uyer is removed, washed once with heptane and conoentr^ 
toaresidue. ibe residue is digested in methylene ddoride and washed 
10 once with potassium phosphate buff« pH 7.8 and once with w^. -tte 
methylene chloride layer is concentrated to a residue and digested m the 
lower phase (1:1:1, v/v/v) of a carbon tetrachloride; methanol; aqueous 
phosphate bu^ (0.05 M, pH 7.0) system and chromatographed on an Ito 

Coil Planet Centrifuge in the same system. Fractions containmg ttie 
1 5 desired llK>xo-ll-deoxyerythromycin A were combined, concentrated, 
digested in methylene chloride, washed weU with water and concentrated 
on rotary evaporator under reduced pressure to yield 11-deoxy-ll- 
oxo^ythromydn A as an off-white solid froth. Its identity is confirmed by 

comparison with antibiodc L53-18A ll-Deoxy-U-oxoerythromycm A is 
dissolved in tetrahydiofuran and the solution is dUuted witii an equ^ 
volume of water. Hds is then acidified to pH 4.0 and allowed to stand at 
room temperature for 4 hours. The pH is adjusted to 9.0 and the solution 
is diluted with an equal volume of water and extracted with two volumes 
of methyteie chloride. The combined methylene chloride extracts were 
25 evaporated to dryness under reduced pressure to yidd antibiotic L53-18A 

as a white solid. 

Bvam ple 13 
rnnstructi^n rf plasipi'^ pAT^ryADH4 



30 



Primers 3a (GCGCG AGCrCGACGACCAGGC3CGGCATGGD 
(GGTGGCATGCTCCG ACCACTGCGCGTCGGC) are used to PGR-ai 
the 1.05 kb eryA segment of &e Sac sxferaea chromosome betwe« 
^' sequence coordinates 18.47-20.07 (fragment 3), and primers 4a 

35 (AGCIGCATCClCrGGACrGGGGACGGCTAG)and4b 

(CGCGGGATCCCAGCICCCACGCCGATACCG) are used to amplif 
1 35 kb segment between sequence coordinates 20.58-21.96 (fragmen 
described in Example 1. Fragment 3 and 4, after digestion with Ssfl 
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and wifli SphI + BamH L respectively, are ligated to Ssfl -> BamHI-digested 
pWHM3. The residting ligation mixture contains the desired plasmid 
pALeryADH4. 

Construction of coli K12 DH5a/pALeryADH4 

Approximately 10 ng of pALayADH4> prepared as described in 
Example 13, are transformed transformed info E> coliI C12 DHSOtand afew 

10 of file resulting white Ap^ colonies fiiat appear on the LB-agar plates 
containing X-gal and ampidllin are analyzed for tiieir plasmid content. 
The identity of plasmid pAI^ADH4> 9.6 kb in siM, is verified by Sghl + 
EcoRI digestion (fragments at 7X 1^ and 1.05 kb are released). 
pALeryADH4 carries a 498 base pair in-frame deletion of the 

15 corresponding s^ment of the wild type eryA DNA. The doned se^;ment 
in p ALeryADH4 is designated the eryADH4 allele. 

F.vamply IS 

Construction of Sac erythraea ADH4 carrying the eryADH t allele by ^ene 
20 replacement 

Approximately 1 mg of plasmid pM.eryADH4^ isolated from E. coli 
K12 D H5a/pALervADH4. is used for transformation into Sac. aytkraea 
protoplasts and stable Th^ colonies are isolated* Serial dilutfons of one of 

25 these colonies are screened for loss of the antibiotic resistance m a rker ^ and 
six ThS colonies are analyzed for their genotjrpe by Soutiiem 
hybridization. Total DMA from flie sbc ThS colonies and from 
untransformed Sac. erythraea NSRL2338 is digested witii SphI and witii 
fefl and examined by Southern hybridization using the 2.4 kb &ft-BaniHI 

30 insert from pALeryADH4 as probe. Strains in which die wild type allele 
has been replaced by the mutated copy show two SphI bands, one at 135 kb 
and the other at 1Z4 kb, whereas the wild type strain exhibits a sin^eband 
at26kb. The Sstt pattern, with tiie 2.9 kb band from NRRL2338 being 
replaced in ADH4 by a Z5 kb band, confirms that the 487 bp deletion 

3 5 created in plasmid pALeryADH4 has been transferred into the 

chromosome of ADH4. Strains that carry &e eryADH4 allele in place of 
the wild type sequoice are designated Sac, erythraea ADH4. 
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Tc»|ffrt ffi^ anH rhararterization o f 7-hydrQxvervthromvdn A and 6-d< 

^ydroxye^ ythromvdn A 

5 The fennentation beer of strain ADH4 is tx)oled tt> and the pH is 

adjusted to 5.0. The mixture is extracted once with an equal volume of 
methylene chloride. The pH of the aqueous layer is readjusted to 9.0 and 
two further metiiylene chloride extracts are carried out These two extracts 
are combined, washed with water and concentrated to a residue. Thisis 

1 0 digested in 10 ml of the upper phase of a (3:75, v/v/v) mbcture of hexane, 
ediylacetafe, aqueous phosphate buffer (0.05 M, pH 7.5) and 
chromatographed on an Ito Coil Planet Centrifuge in the same system. 
Eractians containing flie desared 7-lqrdroxyerythromydn were combined, 
concenfrated, and partitioned between methylene chloride and dilute (pH 

15 95) ammoniimi hydroxide solution. Fractions containmg the desired 6- 
deow-7-hydroxyerytim)mycin were combined, conoaitrated, and 
partitioned between metiiylene chloride and dilute (pH 9S) ammonium 
hydroxide solution. The metiiylene chloride layers are washed witii water 
and then concentrated to yidd tiie desired 7-hydroxyerytiut>mydn A and 

2 0 6-dec»cy-7-hydroxyerjrtittomycin A as white foams. 

P-^^ample 17 
Construction of plasm id pALeryAKSl 

2 5 The 1.4 kb segment of eiyA , between sequence coordinates 1.11-254 

(fragment 5) and the 1.5 kb segment between sequence coordinates 2.88- 

437 (fr^;ment 6) are PCR-amplified using primers 5a 
CrcCAGAATTCGCTGGCCGCGClCrGGCGCn and 5b 

(GAGAGCTGCAGCATGAGCCGCrGCTGCGGG), and 6a 

3 0 (CATGCTGCAGGACrrCAGCCGGATGAACrC) and fib 



(GAGGAAGCTTCCAGCCGGTCCAGTrCGTCC), respectively, as descnl 
in Example 9. After digestion witii EcgRI + Psti (fragment 5) and ^ + 
(frag/aeDt 6), the two fragments are ligated to EcoRl + Ifindlll- 



digested pWHM3. 
3 5 pALeryAKSl. 
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TRvam ple 18 

rnnsfnirrion of F IHI DHSa/pALeryAKSl 

^praxiniately 10 ng of pALeryAKSl, prepared as described in 
Example 17, are transformed into £. o^K12 DH5a, and a «e«r of the 
resulting while ApR colonies that appear on the LB-agar plates containmg 

Idmn are analyzed for tiieir plasmid content The identity 



of plasmid pALeryAKSl, 10-1 kb in size, is verified 
+ andni (fragments of 8.6 and 1^ kb are observed by agarose gel 
10 electrophoresis) and with (fragments of 2.93, 2.21,1.42, 137, 0.86, 054, 

0.27, 0.14. 0.13, and 0.10 kb are observed). pALeryAKSl carries an in-fram. 
deletion of 282 base pairs of the correspondkig wild type cryA DNA. The 

doned insert in plasmid pALeryAKSl is designated flie s^Am allele. 

n^^.^.^^r. ^<^r Prvfhra e^ AT«1 r^rrving the ervAKSl allele 

rpplacemeitt 

Approximately 1 mg of plasmid pALeryAKSl, isolated from & sdi 
20 K12 DH5a/pALeryAKSl, is used for transformation into Sac erythraea 
protoplasts and stable Tb^ colonies are isolated. Serial dilutions of one of 
these cokmies are screened for loss of the antibiotic resistance marker, and 
sbc ThS cofonies are analyzed for flieir genotype by Souflietn 
hybridization. Total DNA from the sfac ThS colonies and from 
25 untransformed Sac. erythraea NRRL2338 is digested wife M and witii 
^lal and examined in Soutiiem hybridization emptoying tiie Z9 kb 

EffiRI-ffin^ insert from pALeryAKSl as probe. Colonies in which the 
wild type allele has been repUced by the mutated copy (strain AK51) show 
two F§a bands, one at 345 and tiie otiier at 4.4 kb, whereas flie wild type 
30 strain exhiMts a single band at 39 kb. The Sm^ pattern, with tiie 2.9 kb 
band from NERL2338 being replaced in AKSl by a 2.6 kb band, confirms 
that the 282 bp created in plasmid pALeryAKSl has been transferred into 
strainABSL Stiains that carry the ^yA^ allele are designated Sao 

erythraea AKSl. 

35 
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ipsis of (2S3R.4S3S)33- rfih ydroxv-? ,^iT"PfhYlhexanoig acid n-butvl 

thioester 



5 A convenient source of tiiis compound in chiral purity is ttie 

antibiotic oleandomycin. Oleandomycin (5 g) is dissolved in an aprotic 
solvent sudi as toluene and treated with dia2abicydol5.4.0]undecene-5 
(1 g) and heated for one hour. The resulting solution is poured into iced 
water, agitated well and flie organic layer is drawn off and concentrated t 

10 a residue. The residue is digested in mettiylene chloride and treated 
exhaustively with a solution of ozone. The resulting ozoidde is 
oxidatively decomposed with dilute hydrogen peroxide in sufficient 
aqueous edianol to yield a monophasic mfacture. This is further diluted 
wifli water and made 0.1 N witii sodiiun hydroxide. The mixture is 

1 5 warmed for one hour at TO^'C and then cooledibefore being acidified to 
pH 25 witii dilute sulfuric add. The mixture is tiien exhaustively 
extracted with methylene chloride. The combined extracts are 
concentrated to an oily residue and the denred lactone is recovered by 
diromatography on silica gd duted with a gradient of toluene- 

20 isopropanol. 

The 5-lactone is converted to the butyl thioester before feeding to 
Sac. aythrea AKSl by refluxing with n-butylAiol in the presence of a 
catalytic amount of triethylamine. 



25 Kvam ple 21 

T^l^t fnn nf n4S.15S)liin-hydioxve thyl>ervthromvcin A 

The fermentation broth of AKSl is cooled to 4«C and adjusted to pH 
4.0 and extracted once with methylene ddoride. The aqueous layer is 

3 0 readjusted to pH 9.0 and exbacted twice witii methylene chloride and the 
combined extracts are concentrated to a solid residue. This is digested in 
medianol and chromatographed over a column of Sephadex LH-20 in 
mettianoL Fractions are tested for bioactivity against a sensitive organism, 
such as gfaph ylnpogcus auTcus T h^, and active fractions are combined. 

35 The combined fractions are concentrated and the residue is digested in 10 
ml of the upper phase of a solvent systan consisting of n-hq>tane, 
benzene, acetone, isopropanol, 0.05 U, pH 7.0 aqueous phosphate buffer 
(5:10:3:2:5, v/v/v/v/v), and duromatographed on an Ito Coil Planet 
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Centrifuge in tiJe same system. Active fractions are combined, 
concentrated and partitioned between metiiylene chloride and dilute 
ammonium hydroxide (pH 9.0). The metiiylene chloride layer is 
separated and concentrated to yield tiie desired product as a white foam. 

5 

Fvam ple 22 
rnnsfnirrion of p lasmid pALerYAKS2 

Primers 7a (CGCCCXJAATICGACXXIGCrGGGCGCCCCX^C) and 7b 
1 0 (CCACCIGCAGCGCGGGACCriCCAGCCCC), and primers 8a 
(GIGGGICGCIGCAGACGGTGACrGCGG) and 8b 
(CXnXIAAGCnCGICGGCGAGCAGCTICrC) are used io PCR-amplify 
tiie 1.45 kb eryA segment between sequence coordinates 5.71-7.16 
(fragment 7) and tite L5 kb cryA segment between sequence coordinates 

1 5 7.22-8.70 (fragment 8), respectively. After digestion wifli Em™^ 
^a^nent 7) and wifli M + IfifidPI (fragment 8), the two ft 

ligafed to pWHM3 cut witii MRI + HMH. Thetesulting 

contains flie desired plasmid pALeryAKS2. 

20 Fyample 23 

f-/ing^i«;-fi 9n of E rcA\ lCi2 DH5ai 

Approximately 10 ng of pALeryAKS2, prq»aied as described in 
Example 22, are transformed into E. oq1LK12 DH5a, and a few of tiie 
2 5 resulting white ApR colonies tiiat appear on tiie LB^ plates containinj 
X-gal and ampidllin are analyzed for flieir plasmid contents The identity 
ofplasmid pALeryAKS2,10.1kb in size, is verified by digestion wfth^ 
+ IDndm (fragments of 8.6 and 15 kb are observed by agarose gpl 
electrophoresis) and witii Sstil (fragments of 4.0, 23, 2.0, 0.72, 0.43, 0.40, 
0.20, 0.18, 0.13 and O.ll kb observed). Plasmid pAl£ryAKS2 carries an m- 
fraiL ddetion of 60 base pairs of tiie corresponding wild type cryA DNA 

This deletion removes tiie active site cysteine from KS2. The doned 
insert in plasmid pALeryAK52 is designated tiie ^y^Z allele. 



30 



9 
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15 



Kxample 24 

ri^Tifitniction of fiar. Prvtfaraea AIS2 carrying the grvAKS2 allele bv gene 

replacement 



5 Approxiinately 1 mg of plasmid pALeryAKS2, isolated £com 1. ^ 

K12 DH5a/pALeryAKS2, is used for transformation into ^erytfaraea 
protoplasts and stable ThR colonies are isolated. Serial dilutions of one of 
these colonies are screened for loss of the antibiotic resistance marker, and 
sbc ThS colonies are analyzed for their genotype by Souttiem 
10 hybridization. Total DNA from tiie sbc IhS colonies and from 

untransformed Sac ervthraea NRRL2338 is digested with M and with 



Hinsin insert from pALeryAKS2 as probe. Colonies in which the wild type 
allele has been replaced by tije mutated copy (strain AKS2) show two 
bands, one at 345 and tiie other at 4.4 kb, whereas the wild type strain 
ejdiibits a single band at 39 kb. The §§01 pattern, with the 0.78 kb band 
from NKRL2338 being replaced in AJS2 by a 0.7Z kb band, confirms tiiat 
the 60 bp created in plasmid pALeryAKSZ has been transferred into strain 

AKS2. gtraing fliafr rarry the gryAKS2 allele are designated Sac, erythraea 
20 AKS2. 



Example 25 

S ynthpsis of (2R/iR.4S.5R)2.'i-^in^pthv1-3-fluoro-5-hydiioxvhe>ca iioic add n- 

butyl thioester 

25 

(2R,3S,4S,5R)3,5-Dihydroxy-2^4-dimethylhexanoic acid-6-lactone (1 
g) ftom Example 20 is digested in 10 ml of pyridine and treated witii p- 
toluenesulfonyl chloride (13 g) and allowed to stand at room temperature 
overnight The mixture is poured into iced water and exfracted with 

3 a methylene chloride and the methylene chloride is oonoentrated to flie 
crude sulfonate ester. This is digested in acetonitrile (100 ml) and heated 
under reflux after the additfon of tetrabutylammonium fluoride (1.75 g). 
After 6 hours tiie mixture is cooled, poured over iced water (300 ml) and 
extracted three times with 200 ml portions of methyloie chloride. The 

3 5 combined methylene chloride extracts were concentrated and the residue 
was chromatographed on a column of silica gel eluted with a stepwise 
gradient of isopropanol (0 to 50%) in toluene. Fractions containing 
(2R,3R,4S,5R)2,4-dimethyl-3-fluoro-5-hydroxyhexanGic acid_d-lactone were 
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combined and oonccnfrated to a white solid. The lactone is ttten 
converted to tbe n-butyl thiolester by refluxing in n-butyl thiol with a 
catalytic amount of triethylamine. Solvent is renioved and the residue is 
Hi^octaH in DMfiO before feedinff to fermentations of gac. erytfaraea AKS2. 




Fvam ple 26 

Loreryihromydn 



The fermentation broth of strain AKS2 is cooled to 4-C ana aajuste( 
10 to pH 4.0 and extracted once with efliylacetate. The aqueous layer is 

adjusted to pH 9.0 and extracted twice wife mefeyiene chloride and the 
combined extracts are concentrated to a white solid. This is 
chromatographed over a column of Sephadex LH-20 in a mixture of 
heptane, chloroform, ethanol (10:10:1, v/v/v) and fractions containing fe< 
1 5 desired product are combined and concentrated to a soUd residue. This is 
further purified by oountercurrent chromatography on an fio Coil Planet 

on a system composed of carboa tetradilonde; mefeanol; 0.05 
M; pH 7.0 aqueous potassium phosphate bufEier (1:1:1, v/ v/ v). Fractions 
containing fee desired ll-epifluoro-lS-norerytfaromydn were combined, 
20 and conoentrated to a residue. This was digested in methylene chloride 
and dilute (pH 9.5) ammonium hydroxide and the mefeyiene chloride 
layer was separated, washed wife water and concentrated to yield fee 
desired ll-epifluoro-15-iu»:er3rthromydn A as white solid. 



25 



30 



f»f plasmid pALervAM4. 



Primers 9a (GCGCCGAATTCTCGAGACGGCGTGGGAGGCA) and 
9b CrrcCGGTACCAGTAGGAGGCXnCCATCGCG) are eniployed to PCR- 
amplify the 2.0 kb ay A s^ment between sequoice coordinates 17.35-1938 
(fragment9). After digestion wife EcoRI + ^grO^ fragment 9 is ligated to 
pUCl9 cut wife fee same two enzymes The resulting mbcture contains 
the desired plasmid pALeryAM41. 
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Construction of E. coli K12 DH5a/pALeryAM4.1 

Approximately 10 ng of pALeryAM4.1, prepared as described in 
5 Example 27, are transformed into E. ooliK lZDHSa. and a few of the 

resulting white Ap^ colonies that appear on the LB-agar plates containing 
X^gal and ampidllin are analyzed for their plasmid content The identity 
of plasmid pALeryAM4.1, 4.7 kb in size, is verified by digestion with gaU 
(fragments of 2.8, 0.85, 0.53, 027 and 022 kb are observed by agarose gd 
1 0 electrophoresis). 

Construction of plasmid pALeryAM42 

1 5 Primers 10a (GCTCGGATCCCGCGGCGCGGGTIXSCAGCAC) and 

10b (CGGAACTCGGTGAGCATGCCGGGACIGC^ are used to PCR- 
amplify the 2.1 kb eryA segmaat between sequence coordinates 21*94r24.00 
(fragment 10). The Z6 kb fragment KpnI (96)-BamHI(102) from cosmid 
ck>ne pRl, and fragment 10 cut with BamH I + ggh)^ are ligated to 

20 pALeryAM4.1 cut witii Kpnl + SphL The resulting mixture contains the 
desired plasmid pALeryAM42. 

Construction of E. ooli K12 DH5a/pALeryAM42 

25 

Approximately 10 ng of pALeryAM42, prepared as described in 
Example 29, are transformed into E> coli K 12 DH5ax and a few of the 
resulting white Ap^ colonies that appear on the LB-^ar plates containing 
X-gal »id ampidllin are analyzed for their plasmid contmt The identity 
3 0 of plasmid pALeryAM42,93kbinsize,is verified by digestion with 2S!&I 
+ SphI (to ensure that the entire 6.65 kb insert is rdeased) and with SaU, 
witii fragments of 2JB, 1.82, 1.09, 0.94, 0-85, 0.75, 0-45, 0.27, 0J22 and 0.13 kb 
are observed by agarose gel electrophoresis). 
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Bvample 31 
rnnstniction of plasipiH pALgrvAMl 



fragment from, cosmid done pRl is 
he lesultmg mixture contains plaanid 



pALeryAMl 



•Rvam ple 32 

f-»»efT.,rrinn »f ^ mlt K12 r>^»^ / pAI^AMl 



Approximately 10 ng of pALeryAMl, prepared as described in 
Example 31, are ttansfonned into E. o^K12 DH5ot and a few of the 
resulting white Ap^ colonies tiiat appear on fee LB-agar plates 



ipidllin are analyzed for their plasmid content. The identity 
15 of plasmid pALeryAMl, 5.6 kb in size, is verified by digestion 



realeased) and with wife release of one 4^4 and 

ZiB 1.07 M) bands. Bofe orientatians of the insert in plasmid pALeryAMl 
are usefuL 

20 ]?y^Tnp1e 33 

Construption of pl asmid pALeryAM43 

Plasmid pALeryAMl is cut wife to completion, partially wife 
and fee resulting 5.25 kb band, isolated from an agarose gel, is ligatec 

25 to fee 6.65 kb insert released from pALeryAM4.2 by JOwI + digestion 

The resulting mbcture contains fee desired plasmid pALeryAM43. 



Kvam ple 34 

O>nstmction of K. coU KV nH5a/pALervAM43 



pALeryAM43, prepared 



Example 33, are transformed into E. c^BC12 DH5a^ and a £ew of fee 
resulting white ApR colonies that appear on the LB-agar plates containing 
X-gal and ampidllin are analyzed for thor plasmid contents Theidentity 

35 of plasmid pALeryAM4.1, 11.9 Id) in size^ is verified by 2aal + §^ 

»n (fragments of 6.65 and 525 Id> are visible by agarose gd- 
)horesis). Plasmid pALeryAM43 carries the entire cryA module 4 
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inserted into tiie KS regioi 
pALeiyAM43 is d^;nated 



Pvample 35 
Construction <rf plasmi d pALervAM4.4 



pALeryAM4. 



reooveied from an agarose gel is ligated to pWHM4 
cut with the same two enzymes. The resulting mixture contains the 
1 0 desired plasmid pALeryAM4.4. 

Fvam ple 36 

rfy pstfucHon of R mli K12 DH5 «/pALeryAM4.4 

1 5 ^prosdmaMy 10 ng of pALeryAM44^ prepared as described ui 

Examole 35. are transformed into E, o^K12 DH5a, and a few of the 



resulting white ApR colonies that appear on the LB-agar plates oontammg 
X-fsal and ampidllin are analyzed for their plasmid content. The identity 



of plasmid pALeryANW.!, 163 kb in size, is verified by + 
20 di^stion, Willi fragments <rf 9.2 and 7.3 W) rdeased- Plasmid 

pALeryAM4.4 carries the gryAM412 allele on the ^ erytfaraea multicopy 
vector pWHM4. 

Pvam plp 37 

25 Construction nf Sac, ervthr aga AM412 carrying the grvAM417 allele bv 

ggne convosion 

./proximately 1 mg of plasmid pALeryAM4.4, isolated from E. odi 
K12 DH5a/pALeryAM4.4, is used for transfcmnation into erythraea 

3 0 strain AKSl protoplasts. A few hundred transfonnants are screened for 
antibiotic producticm by ti»e agar-plug assay, and one of the colonies found 
to produce antimicrobial activity is cured of pALeryAM44 by protoplast 
formation and regeneration as described in General Methods. Total DNA 
from sbc antibiotic-produdng, Th^ colonies (strain AM412)and frcan strak 

35 AKSl is digested with and wiai29ial and tiie resulting Southern blot 

is hybridized first to the 2.9 kb insert from p ALeryAMl, and tiien to tije 2.S 
kb fetI(95)-SstI(101) fragment from plasmid pALeryAM4.2- With the first 
«r«i« th«» CnhT band at 0.8 kb in strain AKSl is seen to be replaced by a 75 
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20 



kb band in strain AM412, whereas the ott»er two bands at Z4 kb and 5.2 kb 
areunafiedoL Ih tiie ^Sial digest, the AKSl band at 2.9 kb is replaced by a 
9.6 kb band in AM412, with the other band at 52. kb conserved in both 
ctrains. Usine the Sstl(95)-&tf (101) fragment as probe, strain AKSl 



band 



respectively, whereas, in addition to these bands, strain AM412 shows one 
S^bandat75kbandone22!oIbandat9.6kb. Li this way, it is 
established fliat flie sa^Am allele has been converted into the 

allde in strain AM412. 

Tsnlatinn and purificafion of 14-(l-prop^ 



At harvest flie fermentation is adjusted to pH 9.5 and exttacted 
15 twice wifti equal vohunes of methylene chtoride. The combined exttacfc 
are washed once with water and concentrated to an oily readue. Ihisis 

partitioned in a hqrtane medianol water ©5:1, v/v/v) system and the 
tower layer is washed once wifti heptane and ften concentrated to a 
semisolid residue. This is digested in methanol and diromaiographed 
1 c e u^A^ T Ttjyn in Tn(>rtiannl. Fractions are tested for 



bioadivity in an agar diffusion assay on plates seeded with flie mac 
sensitive strain Q*^phy\t^nccus aureus TfeR Active fractions are 
combined and further purified by chromatography over siKca get a 

gradient 



2 5 CTmf^tnmg the desired 14-(l-propyi)erythromycin A are combined and 
amcenHated to yield the product as a white solid. 



Fvam ple 39 
Construcrion of plas miH pALervAMS.l 

30 

The 47 ld> eryA fragmmt between sequence coordinates 23.65-2836 

(fragment 11) is PCR-ampIified employing primers Ua 
(ATCCTCGAGATCTCGTGGGAGGCGCTGGA) and lib 
(AGAACIXZGGTGAGCATGCCCGGGCCCGCCA). Fragment 11, after 
35 digestion with ^I + SgU, is Ugated to flie 525 kb fragment xesultmg 
from complete 22ioI and partial SpU digestion of pAI^ryAMl, as in 
Example 33. The resulting mixture contains the desired plasmid 
pALeryAMS.l. 
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Construction of E. coU K12 DH5a/pAL ervAM5.1 

Approximately 10 ng of pALeryAM5.1/ prepared as described in 
Example 39, are transformed into E. fisU-KlZ DHSa^ and a few of the 
resulting white Ap^ colonies tiiat appear on Ae LB-agar plates containing 
X-gal and ampidllin are analyzed for their plasmid content The identity 
of plasmid pALeryAM5.1, 9^5 kb in size, is voified by SphI + Xhol 



10 digestion, with fragments of 525 and 4Jkbrdeased,aiul by gnal 

digestion wh^ fragments of 339, 2.68 and 1.94 (doublet) Id> are observed. 
Plasmid pALeryAMS.l carries the entire ayA module 5 inserted into the 
3-4cetoacyi ACP syndiase i^on of modulel. The doned insert in plasmii 
pALeryAM5.1 is designated flie eryA512 allde. 



Rvample 41 

of plasmid pALoyAMS. 



Plasmid pALeryAM5.1 is cut with EcoRI + ££n^ and the resulting 
20 63 kb fragmentv recovered from an agarose gel, is ligated to pWHM4 cut 
witii flie same two enzymes. The resulting mixture contains the desired 
plasmid pALeryAM5.2. 

Kvam plp 42 

25 Construction of E. ooK K 12 DH5a/pALgryAM5.2 

Approximately 10 ng of pALeryAM5.2, prepared as described in 
Example 41, are transftMmed into E. CE^LK12 DHSa, and a few of the 

resulting white Ap^ colonies that appear on tiie LB-agar plates containing 
30 X-gal and ampidllin are analjrzed for thdr plasmid oontetit The identity 
of plasmid pALeryAMSJi, 13.6 kb in size, is verified by digestion witti 
EcoRI + Hindl lL with fr^ments of 7.3 and 63 kb released. Plasmid 
pALeryAM5.2 contains the eTyAM512 aUde on the ga^. erythraea 
multicopy vector pWHM4. 

35 
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Pvamplp 43 
•:^pa AM512 

gene conversion. 
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Approximately 1 mg of plasmid pALeryAMS isolated from E 
K12 DH5a/pALeryAM5.2, is used for transfonnation into Sac, erythraea 
strain AKSl protoplasts. A few hundred transformants are saeened for 
antibiotic production by flie agar-plug assay, and one of the colonies found 
to produce antimicrobial activity is cured of pALeryAM5.2 by protoplast 
formation and regeneration as described in General Mettiods, Total DNA 
from sfac antibiotic-produdng, ThS colonies (strain AM512)and from strain 
AKSl is digested with SgM and with20hol and the resulting Southern blot 
is hybridized first to the Z9 kb insert ficom pALeryAMl, and then to ttie 03 
kb Nral(119)-Nml(123) fragment from plasmid pALeryAM5.1. With the 

first probe, the SphI band at 03 kb in strain AKSl is replaced by a 5.5 kb 
band in strain AM512, whereas the other two bands at 2.4 kb and 5.2 kb are 

unaffected. In the 2aioI digest, the AKSl band at 2.9 kb is replaced by a 7.6 
kb band in AM512, with tiie other band at 5.2 kb conserved in boA strains. 
Using the N^I(119Hi£aI(123) fragment as probe, stram AKSl exhibits one 
band at 25.5 ld> and one at 17.9 kb in the S^ and 2M digests, 

respectively, whereas,Jn addition to these bands, strain AM512 shows one 
Sghl band at 5.5 kb and onelSiDl band at 7.6 kb. In this way, it is 
established that the ay^^l allele has been converted into ttie eryAMglZ 
allele in strain AM512. 



Pvam ple 44 

TsnlafioTi and Dimfication of 14f l(l-hvdro: 



iroori] 



At harvest die pH of tiie fermentation of AM512 is adjusted to 9.5 
and the mixture is extracted twice with equal volumes of ethylaoetate. 
The combined efiiylacetate extracts are washed widi wafer, dried and 
partitioned in a heptane, metiianol, water (5*5:1, v/v/v) system. The 
lower (methanoUc phase) is washed with an equal volume of heptane and 
is concentrated to a residue. This is chromatographed on a S^hadex LEt 
20 column in methanol and fractions containing the desired 14[1(1- 
hydroxypropyDleryftromydn A are concentrated and further purified by 
chromatography on an Ito Coil Planet Centtifuge in a system consisting of 
n-hq)tane, benzene, acetone, isopropanol, 0.65 M, pH 7.0 aqueous 
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potassium phosphate buffer (5:10:2:35, v/v/v/v/v). Fractions containing 
die desired product are concentrated to a solid residue and partitioned 
between methylene chloride and dilute (pH 93) ammonium hydroxide 
Hie organic layer is washed with water and concentrated to yield 14[1(1* 
5 hydro)^propyl)lerytiuiomydn A as a white solid. 

Aldunigh the present invention is described in the Examples listed 
above in terms of prtfEeited embodiments, they are not to be regarded as 

limiting the scope of flie invention. The above descriptions serve to 
1 0 illustrate the principles and methodologies involved in creating the three 
types of mutations that can be introduced into the eryA segmentofthe 
Sac. enfthraea chromosome that result in the synthesis of novel 
polyketide products. Althou^ single Type I alterations, leading to the 
production of 5-oxo-5A-dideoxy-3o-mycorosyl erythronolide B, 11-oxo-ll- 
1 5 deoj^erythiomydn A, 7-hydK»^erydttomydn A, 7-oxo- 

Zdeoxyerythromydn A, 5-desosaminyl-3-oxo-3-deoxyerythronoHde A, and 
A-6,7-anhydro-6-deoxyerythromycin A are specified herein, it is obvious 
diat oAer Type I changes can be introduced into the eryA segment 

leading to novd polyketide structures. Among the additional Type I 
20 alterations that can be obtained are those in which two or more modules 

are affected leading to the syndiesis of novel polyketides. Examples of 
combinations of two Type I alterations leading to useful compounds 
include but are not limited to: mutants of the flie p-ketoreductase of 
module 2 (KR2) and tiie p-keioreductase of module 4 (KR4) leading to the 

2 5 formation of 7,ll'dioxo-7,ll-dideaxyerythromycin A; mutants of KR2 and 
the ^ketoreductase of module 6 (KR6) leading to the formation of 3,11- 
dioxo^,ll-dideoxy-5-desosaminylerythronolide A; mutants <rf KK2 and 
die dehydratase of module 4 (DH4) leading to the synthesis of 7-hydroxy- 
11-oxo-ll-deoxyerytiiromydn A; mutants of KR2 and the enoylreductase 

30 of module 4 (ER4) leading to the synthesis of A-6,7-anhydro-ll-oxo-ll- 

deoxyeryftromydn A; mutants of KR4 and KR6 leading to the synthesis of 
3,7<lioxo-3,7-<iideoj^-5KJesosarrunylerythronolide A; mutants of KR6 and 
DH4 leading to tiie syntiiesis of 3-oxo-3-deo)^-5-desosaminyl-7- 
hydroxyerythronoUde A; mutants of KR6 and ER4 leading to the synthesis 

35 of 3-oxo-3-deoxy-5-desosaminyl-A-6,7-anhydroerytihionolide A. Examples 
of combinations of three Type I alterations leading to the syntiiesis of 
novel polyketides include but are not limited to: mutants of KR2, KR4 and 
KR6 leading to the syndiesis of 37,ll-trioxo-3,7,ll-trideojqr-5- 
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desosaminylerythronoUde A; mutants of KR2, KR6 and DH4 leading to 
the synthesis of 3,ll-dioxo-3,ll-dideoxy-5-desosanunyl-7- 
hydioxyeryflffonolide A; mutants of KR2, KR6 and ER4 leading to the 
syntheas of 3,ll-dioxo-3,ll-dideoxy-5-desosaminyl-D-6,7- 
5 anhydioerythronolide A. All cjombinations of two or three Type I 

mutants, the Sac, erytfaraea strains that carry said combinations and the 
corresponding polyketides produced from said strains, therefore, are 
included within tiie scope of the present invention. 

Althou^ the Type E mutants specified herein have been 
10 constructed in flie ^-ketoacyl ACP synthase of module I (KSl) and the ^- 

ketoacyl ACP synthase of module 2 (KS2), other Type E mutants can be 
constructed in other domains to result in tiie synthesis of novel 
polyketide structures upon feeding with appropriate substrate analogs. 
Other Type H mutants indude but are not limited to: inactivation of the 
15 other of the acyltransferases or acyl carrier proteins of module 1, or the 

acyltransferase or a<yl carrier protein of module 2, ttie p-ketoacyl ACP 
synthase, acyltransferase or acyl carrier protein of module 3, module 4 or 
module 5. Furthermore, compounds o&er tiian GS,3R^/5S)3,5- 
dihydroxy-2,4-dimelhylhexanoic add-ethyl tfaioester and (2S,3S/4S,5S)2,4- 

2 0 dimethyl-3-fluoro-5-hydroxyhexanoic add-ettiyl thioester specified herein 

can be synthesized and fed to strains AKSl or AKS2 specified herein or 

other strains that carry other Type E mutations to result in flie creation of 
novel polyketides that* are withm the scope of Ae present invention. 

Altfaou^ two examples of Type IE alterations are specified herdn, 
25 it is apparent to those skilled in the art that many o&er examples of Type 
IE dianges are possible. Strains of Sac crytfiniBa carrying changes of this 

type offer the very high potential for the production of novel polyketides 
of specified structure, since they do not require synAefic substrates as do 

Type E mutants and &iey are not limited to the formatum of 
30 of erythromycin, as in the case of Type I mutants. In the embotUments or 

Type m mutants specified herein, we have iUustrated how a second copy 
of a complete module can be introduced at a desired position by gene 

conversion to result in the synthesis of 14-(l-piopyl)erythromycin A or 14r 
[l(l-hydroxypropyll)erythromydn A. These alterations make use of the 

3 5 high conservadon and simultaneous lack of spedfeity of the p-ketoacyl 

ACP synthases of modules 1 and 2, tiiereby making possible the 
construction of hybrid ^-ketoacyl ACP synthase functions consisting of 
portions of proteins derived from different modules. Those skilled in the 
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art understand, therefore, that it is possible, as exemplified for KSl and 

KS2, to delete a small portion of the ^ketoacyl ACP synthase of other 

modules and to construct strains carrying such alterations iiMdi can then 

be employed as hosts for introducing at the deleted ^kctoaqrl ACP 

5 synthase location a second copy of «ny homcdogous module. 

Furthermore, as exemplified herein, it is also possible to delete any 

segment of eryA by Ugation of two non-contiguous PCR-generated 
fragments and to subsequentiy construct strains, thereftoe, devoid of any 
or aU portions of any module. Such strains deleted of a full module can be 
employed for reintroduction of eitiier flie same or a different module at a 
difiezent location. It is possible, therefore, to determine the novel 
structures desired and then create a series of Sac. oyifcroa strains 

conta&ung fl»e corresponding arrangements of enfA modules tiiat would 
produce said novel structures fliat are included within the scope of the 
present invention. Additional examples of novel compounds produced 
from tiie construction of Type HI alterations include but are not limited to 
ll-deo3^erythromydn, resulting from tiie msertion of the eryA segment 
encoding DH4 and ER4 in module 2. 

Mcneover, it will also be apparent that two or more modules can be 
20 exdsed and introduced into various sites of tlie Soc. ©ytfmiai 

chromosome to produce novel polyketides of predicted structure such as 
tiie introduction of tiie ay A segment encoding DH4 and ER4 in bofli 
module 1 and module 2 to result in the production of 14(R)[1- 
hydroxypropyllll-deoxyeryttiromydn A. AU oonibinations, therefore, of 
25 Type m alterations and the strains of Sac. <!ryt/iraoi that carry said 
alfyr^finns as well as ttie polyketides produced from said strains are 
indv<<*»^ within the scope of tiie present invaition- 

In addition, it is also possible to create combinations of Type I, Type 
n and Type HI alterations and insert such alterations into Sac. aythraea to 
30 produce novel polyketides. Examples of such combinations include but 
are not limited to tiie following. The combination of a Type I alteration, 
such as an alteration in DH4 and a Type II alteration, such as a mutation 
ill tiie KSl to result in tiie formation of (14S,15S)14-[l-hydroxyetiiyll-7- 
hydroxyerytiiromydn A when the strain of Sac. aytitraea carrying such 
3 5 alterations is fed witii tiie compound (2S,3R4S;5S)3,5-dihydroxy-2,4r 

dimetiiylhexanoic add etiiyl ester. The combination of a Type I alteration, 
such as an alteration in DH4 and a Type m alteration, such as found in 
Sac. erythraea stiain AM412, wherein a copy of the DNA segment of 
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module 4 is introduced in module 1, sudi that the Sac. eryfkraea strain so 
constructed produces the compound 7-hydroxy-14-propylerythrom7dn A. 
All combinations of two or more alterations of Type I, Type E and Type IE 
alterations, the Sac. eryihraea strains tiiat carry such alterations, and the 
5 polyketides produced from such strains are included within the scope of 
the present invention, it wiU also occur to fliose skilled in flie art that 
novel structures can be produced by altering flie specificity of the 
acyltransferase functions in any module. Examples include: replacement 
of the aqritransferase domains of modules 1, 2, 3, 4, 5/>r 6 in cry A with 
10 fliose of modules 4, 4, 2, 2, 2, and 4, respectively, to result in flie 
production of 12-epierythromydn A,IO-epierythromycm A, 8- 
epierythromydn A, 6-epierythromydn A, 4^ierythromydn A and 2- 
epieryttiromydn A, respectively, that are included within the scope of &e 
present inv^tion. 

15 It should be emphasized that the introduction of an entire eryA 

module at a different location, as exemplified for the construction of Sac. 
aytkraea strains AM412 and AM512 in Examples 29 and 35, respectively, 
does not rely on homologous recombinatian between &e incoming oyA 
module and the host chromosome. Raflier, gene conversion of tiie host 

20 allele wifli tiie eryA allele residing on flie multicopy plasmid requires 
DNA sequences homologous to the host aUele flanking the incoming 
module. Thus, any module carrying the desired specificities, either from 

homokjgous or heterologous sources, can be employed in gene 
conversion of the host allele, provided feat is flanked by segments of 
homotogy. ft wiU occur to ttiose skilled in the art, tiierefore, Aat, given 
the large number of natural polyketide molecules existing, a wide variety 
-H^irt«nai nourf molecules of predicted structure can be produced in 



Type m mutants containing an additional module of desired spedfidiies 
or where an endogenous module is r^laced by an exogenous one. The 
30 length of the acyldiain can be easUy controlled by suitably changing the 
number of modules involved in its synthesis. Similarly, flie introduction 
of keto, hydroxy, enoyl, or methylene groups at specific points along the 
acyl chain can be easily achieved by introducing the proper b-carbon 

processing functions (p-ketoreductase, dehydratase and enoykeductase) in 
35 the required modules. Exogenous modules constitute flie source of 

spedfidties for starter and extender units o&er than ttiose empfoyed by 
Sac. erythraea for erytbromydn biosynthesis, making it tiiereby possible to 
T__ mainnwirrtA Of f2RV- or (2S)ethvhnalonylCoA, etc- 
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as extender uiuts, and acetyl CoA, butyryl CoA, etc as the starto The 
result will be the formation of eryfliromydn analogs containing the 
desired functional groups and side chains with the desired 
stereochemistry. As an extension of the examples rqx>rted witii eryA , the 

5 constructioii of a See. ery^rroco strain carrying a heterologous module 
inserted into eryA requires: (i) cloning of the genes from any other 
Actinomyces producing a pdyketide with desired structural features; (ii) 
mapping of the modular organization of fee cloned genes by low 
stringency hybridization and restriction analysis; (iii) locating fl»e module 

10 carrying the desired specificities by partial sequencing; Uv) precise excision 

of the desired genetic element and doning into a vector suitable for gene 
conversion; (v) construction and transformation of a Sac. eryOtraea strain 
suitable for gene conversion and screening for the novel compound. Any 

module, or portion thereof, can thus be predsdy excised from the genome 
15 of a polyketide-produdng microorganism and introduced into suitable 
Sac. erytitraea strains to create a novel polyketide of predicted structure. 
Thus, replacement of the acyltransferase segments of modules 1, 2, 3, 4> 
5,or 6 in «yA with the acyltransferase segment specific for malonyl CoA, 
such as can be found in the polyketide synttiase genes for the synthesis of 
20 pihT^y^" ir. fitj^Y^r^jnyty^ ygnezudae. to result in the syntheas of 12- 
noreryfliromydn A, lO-norerythromydn A, 8-norerythromydn A, 6- 
norerythromydn A, 4-norerythromycin A and Z-norerythromydn A, 
respectively, that are induded within the scope of the present invention. 
In addition, replacement of the acyltransferase segments of modules 1, 2, 3, 
4 5^ 6 in ervA with an acyltransferase specific for (2R)-ethyhnalonyl 



25 



such as can be found in the polyketide synthase genes for the 

: e .^:..m.r<^n in CtTontrwnvrps ambofasdeilS. will SGSUlt 



formation of 12-homoerytimimydn A, lO-homoerydiromydn A, 8- 
epihomoerythromydn A, e-epihomoerytiiromycin A, 4- 

3 0 epihomoerythromydn A and 2-homoerythromycin A, respectively, all of 
which are induded within the scope of the present invention. Similarly, 
introduction of acyltransferase segments carrying desired spedfidties for 
the starter or extender unit into ay A DNA that results in the synthesis of 
novd compounds are induded wiflun the scope of the present invaition 

3 5 The erythromycin analogs produced by the method of this invention are 
structurally similar to known antibacterial and prokinefic agents. 

It will also occur to those skilled in the art that genetic 
manipulations described herein need not be limited to Sac. erytitraea. 
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Suitable hosts are any other polyketide-producmg Actinomyces where 
DNA can be precisely inserted into the chromosome- Hence, the choice of 
a convenient host is based solely on the relatedness of the novel 
polyketide to a natural counterpart so as to minimize the number of 
5 module rearrangements required for its biosynthesis. Therefor^ Type I, 
Type n and Type HI alterations can be constructed in other Actinomyces 
employing either endogenous or exogenous modules to produce novel 
polyfcetides employing strategies analogous to those described herein for 
Sac. erythraeiL Hius aU Type I, Type n or Type IE mutations or various 

1 0 combinations thereof constructed in other actinomycetes according to the 
principles described herein, and the respective polyketides produced fixwn 
such strains, are mchided widun the scope of the present invention. 
Examples of polyketides that can be altered by creatmg Type I, Type H or 
Type m char^ in the producing microorganisms mdud^ but are not 

1 5 limited to macroUde antibiotics such as erythrdmydn, tyiosin, spiramycin, 
etc; ansamacroUdes such as rifamydns, maytansines, etc; polyketide 
antibiotics such as tetracycline; polyefhas such as monesin, salinomydn, 
ete.; polyenes such as candiddin, amphodieridn^ immunosuppressants 
such as EK506, ascomydn, rapamydn, etc and other complex polyketides 

20 such as avennectin. 

Whereas the novel derivatives or modifications of erythromycin 
described herein have been specified as the A derivatives, such as 7- 
hydroj^aythromydn A, ll-oxo-ll-deo)grerytiux>mydn A, 14[1(1- 
hydroxypropyDleryflu-omydn A, etc, those skilled in the art understand 

25 that tiie wild type strain of Sac. cryftwai produces a family of 

erytiiromydn compounds, induding erytitfomydn A, eryfiu»mydn B, 
erythromydn C and erjrthromydn D. Thus, mo dified strains of Sac. 
erjfthraear such as stiam AKR2, for example, woxdd be expected to produce 
flie corresponding members of the 11-oxo-ll-deoxyerythromydn family, 

3 0 induding ll-oxo-ll-deoxyeryttiromydn A, ll-oxo-ll-deoxyerytiiromycin 
B, 11-oxo-ll-deoxyerythromydn C, and ll-<»a>-ll-deoj^eryttttomydn D. 
Shnilarly, strain AM412 would be e3q)ected to produce not only 14(1- 
propyDerjrthromydn A but also the otiier manbers of the 14(1- 
propyDerytiuromydn family induding 14(l-propyl)erythromydn B, 14(1- 

3 5 propyDerytiucomydn C and 14(l-propyi)erythromydn D. Similarly, all 
other modified strains of Sac. erythraea described harein tiiat produce 
novd erythromycin derivatives wovild be expected to produce the A, B, C, 
and D forms of said derivatives. Therefore, all members of the family of 
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each of the novel polyketides described hereiii are included widiin the 
scope of the present invention* 

Variations and modifications of the methods for obtaining the 
desired plasmids, hosts for cloning and choices of vectors and segments of 
5 eryA DNA to done and modify, other than those described herein that 
result in substantially tiie same strains and same products as those 
described herein will occur to those skilled in the art. For example, 
aldiou^ we have described tiie use of the plasmids pWH3 and pWHM4 
as E. coli -S ao fflythraea shuttte vectors, other vectors can be CTaployed 

10 wherein aU or part of pWHM3 or pVVHM4 is replaced by otiier DNA 

segments that function in a similar manner, such as replacing the pUC19 
component of pWHM3 and pWHM4 with pBR322, available firom BRL, 
employing different segments of the pIJlOl or pJVl replioons in pWHM3 
and pWHM4, respectively, or employing selectable markers other tiian 

15 thiostiepton- and ampidllin-resistance. These are just few of a long list of 
possible examples all of which are induded within flie scope of the 
present invention. Similarly, flie segments of the eryA locus subdoned 
into pWHM3 for generating strains AKSl, AK52, etc specified herein can 
readily bd substituted for ottier segments of different lengdi encoding the 

2 0 samie functions, either produced by PCR-amplification of genomic DNA or 
of an isolated done, or by isolating suitable restriction fragments from Sac. 
erythraea. In the same way, it is possible to create eryA strains carrying 
munitions functioiuilly equivalent to those described herein by deleting 
diff ermt portions of the corresponding genes, by creating insertions into 

2 S them^ or by site-directed mutagenesis of specific nudeotide residues. 

Moreover, Sac. erythraea strains with mutant alleles other than die P- 
ketoacyl ACP syndiase portions of eryA can be employed as hosts for gene 
converdon; Type HI mutants can be constructed by double redprocal 
crossover as exemplified for Type I and Type n mutants ratiier than by the 

3 0 gene conversion method described herein. Additional modifications 

indude changes in the restriction sites used for doning or in the general 
methodologies described above- All such changes are induded in the 
scope of tiie invention. It will also occur to those skilled in die art that 
different methods are available to ferment Sac. erythraea, to extract the 
3 5 novel polyketides specified herein, and to syntiiesize substrate analogs, 
and that all sudi metiiods are also induded within the scope of the 
present invmtion. 
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It will be apparent ttiat many modifications and variations of the 
invention as set fordi herein are possible without departing from the 
spirit and scope thereof, and that, accordingly, such limitations are 
imposed only as indicated by the appended daims. 



9 



What is daimed is: 
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1. A mediod for directing the biosyntiiesis of specific polyketide 
analogs by genetic manipulation of a polyketide-produdng 
microorganism, said method comprising the steps of: 

(1) isolating a polyketide Wosynthetic gene-containing DNA 

sequence; 

(2) identifying enzymatic activities associated within said gene- 
containing DNA sequ^ce; 

(3) introducing one or more specified changes into said gene- 
containing DNA sequence which codes for one of said enzymatic activities 
resulting in an altered DNA sequence; 

(4) introducing said altered DNA sequence into a polyketide- 
produdng microorganism to replace the original sequenc^- 

(5) growing a culture of the altered microorganism under 
conditions suitable for the formation of tiie spedfic polyketide analog; and 

(6) isolating said spedfic polyketide analog from tiie culture. 

2. The metiiod of daim 1 wherein said polyketide biosynflietic gene- 
CT>ftt<»«n^"g DNA sequence comprises genes which encode tiie enzymatic 
activities comprising a polyketide sjmtiiase. 

3. The method of daim 2, wherein said polyketide syntiiase enzymatic 
activities comprise p-ketoredudase, dehydratase, acyl carrier protein, 
enoybcdudase, p-ketoacyl ACP syntiiase, and acyltiransferase. 

4. The mettuxl of daim 1 wherein said alteration vrtiidi occurs in flie 
DNA sequence results in the inactivation of one or more enzymatic 
activities involved in the processing of tiie p-carbonyl of said polyketide. 

5. The method of daim 4, wherein said inactivated enzymatic 
activities affecting the processing of the ^-carbonyl of said polyketide 
comprise ^ketoreductase, dehydratase, and enoykeductase. 

6. The method of daim 4 wherdn said alteration in tiie DNA 
sequaice results in tiie addition of one or more enzymatic activities 
involved in the ^arbonyl processing of said polyketide. 
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7. The method of claim 6 wherein said additional enzymatic activities 
are selected from fte group consisting of ^ketoreductase, p-ketoreductase 
and dehydratase, and p-ketoreductase, dehydratase and enoykeductase. 

5 8. The method of daim 1 wherein said alteration occurring in the 
DNA segment results in the inactivation of one or more enzymatic 
activities involved in tiie condensation of carbon units to the nascent 
polykefide structure. 

10 9. The method of daim 8 wherein said en:qmiatic activities affecting 
the condensation of carbon units to the nascent polyketide structure 
comprise ^-ketoacyl ACP synthase, acyl carrier protein and acyltransfierase. 

10. The mediod of daim 1 wherein said alteration in ttie DNA 

1 5 sequence results in the change of the length of the polyketide synfliesized- 

11. The metiiod of daim 10 wherein said alteration results in the 
increase of die length of flie polyketide. 

20 12- The method of daim 11 wherein said alteration comprises the 

addition of DNA sequences encoding the enzymatic activities consisting of 
acyltransferase, acyl carrier protein and ^-ketoacyl ACP synfliase. 

13. The method of daim 10 wherdn said alteration results in the 
25 decrease of the length of ihe polyketide. 

14. The mettiod of daim 13 wherein said alteration consists of the 
riplpHon of a DNA sezment between two sequences encoding 
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corresponding enzymatic activities. 

15. The mefljod of claim 14 wherein said corresporuiing enzymati 
activities are selected from the group consisting of p-ketoreductases, 
dehydratases, acyl carrier proteins, enoylreductases, p-ketoacyl ACP 
synthases, and acyltransferases. 

16. The mefliod of daim 1 wherein said alteration consists in fbe 
replacement of fee DNA segment encoding an acyltransfierase with a 
seement en<X)dinff an acvUransferase of di^ent spedfidty. 
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17. The method of daim 1 wherein said DNA sequence is 
a species from the Actinomycetales family. 



from 



5 18. The method of daim 17 wherein said DNA sequence is isolated 
from a genus selected from the group consisting of Actinomyces, 
Dactylosparangium, Micramonospora, Nocardia, Sac, Streptavertidlliumt 
and Streptamyces. 

1 0 19. The meduxi of daim 17 wherein said genus is sdected from tiie 
group consisting of Saccharapolyspara and Streptomyces. 



20. The method of daim 19 wherein said genus is Socc/wrapo/yspora 
and the spedes is erythraea. 

f 

21. The method of claim 19 wherdn said genus is Streptomyces and the 
spedes is hygroscopicus. 



22. The method of daim 1 wherein said polyketide is selected from the 
20 ffoup consisting of macrolides, tetraqrdines, polyethers, polyenes, 
ansaymdns and derivatives or analogs thereof. 



23. The metiuxi of daim 22 wherein said polyketide is a macroUde 



25 24. The method of daim 23 wherein 



ide is an erythromycin. 



25. The method of daim 24 wherein said erythromycin analog is 
sdected from the group consisting of 11-oxo-ll-deoxyerythromydn 7- 
hydroxyeryttuomydn A, 6-deoxy-7-hydroxyeryfliromydn A, 7- 
3 0 oxooyfltfomydn A, 3H>)a)-3-deoxy-5-desosaminylerjrlhronolide A, 

anhydroerythiomydn A, ((14S,15S)14(l-hydroxyethyi)erythromycin A, 11- 
epifluoro-15-norer)rthromydnA, 14-(l-propyl)erythromycin A, 14(1- 
propyDeryfliromydn A, and 14[l(l-hydro)qrpropyl)lerythromycin A. 



35 



26. The method of daim 1 wherein said DNA sequaace, designated 
eryA, encodes flie enaymatic activities assodated with the formation of 
6-deoxyerythronolide B. 
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27. The method of daim 26 wheran said DNA sequence comprises: 
the DNA sequence of Figure Z 

28. The method of daim I wherein said geneK:ontaining DNA 

5 sequence encodes one or more enzymatic activities in the rapamydn 
biosynfhetic padiway. 

29. The method of daim 23 M^ierdn said maaolide is a rapamydn 
analog. 

10 

30. A compound selected from die group consisting of 7- 
hydroxyerythromydn A 6-deoxy-7-hydroxyerythromydn A; 7- 
oxoerythromydn A 3-oxo-3-deoxy-5<iesosaminyI-erythronoUde A* 
anhydroerythromydn A ((14S,15S)14(l-hydroxyethyl)erytfaromydn A; 11- 

1 5 epifluoro-lS-noreryihxomydn A 14<l-propyl)erythromycin A; 14(1- 
propyDerythromydn A and 14[l(l-hydroxypropyl)lerythromydn A 
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